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HUNGEE AND FOOD 

By Pbofbssoe GEORGE J. PHIECE 
STANFOED UNIVEKSITT 

THE most important chemical change taking place in all nature, at 
least as far as living beings are concerned, is the combination of 
carbon-dioxide gas and water into food. Going on under our very 
eyes, in every green leaf in the sunlight, this chemical process converts 
a useless constituent of the atmosphere into sugar by combining its com- 
ponent atoms with those of water. Prom the sugar are built up all the 
other foods of all plants and all animals. The details of this chemical 
change are only partly known, the intermediate stages have so far 
escaped the most acute research ; but we know the raw materials and the 
products ; the energy used in effecting the change ; the means of absorb- 
ing this energy; and the place where it is applied. The energy is light 
rays of certain wave-length; the absorbing screen is leaf -green, chloro- 
phyll; the place of application is the green cells of plants. The raw 
materials are the most universally distributed substances in nature — 
carbon-dioxide, occurring in the atmosphere to approximately .02 per 
cent., and water, occurring in the amounts which we, living in this semi- 
arid region, realize much more accurately than our fellows in those parts 
of the "temperate" zone where life is maintained only with difficulty, 
through summer as well as winter, because of climatic violence. 

The daily transformation of enormous multiples of six molecules 
of C0 2 and six molecules of water into single molecules of sugar, ac- 
complished in weed and grain and tree, results, in the course of a single 
growing season, in harvests of astonishing values. The values of the 
crops of the United States in recent years, so far as available reports 
show, are as follows: cereals ('11) $4,280,205,000; cotton ('11) $8,125,- 
140,000; forest products $195,306,283; fruits $76,709,19.5; hay ('11) 
$784,926,000; honey $5,992,083; orchard products $140,867,347; 
peaches and nectarines $28,781,078; peanuts $18,271,929; plums and 
prunes $10,299,495; potatoes $233,778,000; tobacco $85,210,387; vege- 
tables $209,548,021; wool $75,879,251— a total of $14,269,854,069 for 
the farm products of the United States alone in a single year. 

To this huge sum must be added the value of all the various forms of 
live-stock raised during the same year, $5,296,421,619; for the sub- 
sistence of these flocks and herds and bands is the product of the same 
chemical changes, the combination of C0 2 and H 2 into food. Every 
article of human consumption and use which is not mineral owes its 
existence to the same source of food. Is it any wonder, therefore, that 
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I have called this the most important chemical change in all nature? 
But is it any great wonder that a botanist, entirely ignorant of economic 
theory, should be led, by his reflections on this important phenomenon, 
to enquire into some of the relations of man to food production. I make 
no claim of novelty in point of view, of freshness of material, of the 
discovery of new facts, but nevertheless I should like to share my 
reflections on hunger and the means of meeting it? 

Looking over this list of commodities of plant and animal origin, 
we find some which must be called absolutely indispensable, whilst many 
others, commonly spoken of as necessaries of life, would not be proved 
by experience to be more than comforts. Clothing, shelter and all the 
numerous articles of pleasure, from violins to tooth brushes, man could 
do without, but food and drink he must have. Of what man eats much 
is unnecessary, either in kind or amount. To the bare subsistence of 
humanity a minimum ration of protein and carbohydrate is absolutely 
indispensable. What this minimum ration is does not matter: but 
what does matter is that so few individuals, so few communities, so few 
nations even, produce it. This is the peril that many have seen — a 
succession of seers not without honor, and ridicule, through the ages — 
it is a peril which varies in gravity according as the balance varies be- 
tween production and consumption. 

The war has exposed to all the world that certain of its great nations 
are not self-supporting. To those of us who live in parasitic comfort, 
the idea of self-support is of theoretical interest only, a moral ideal which 
may have been taught us but the enforcement of which was left to cir- 
cumstances. Until division of labor began to be generally practised, 
self-support was not merely an ideal, it was a necessity. Self-support is 
still necessary among pioneers ; but in established communities division 
of labor has made a decreasing fraction of the population self-sustaining. 
Division of labor and specialization, resulting in the more rapid and more 
perfect performance of certain actions or functions, benefit the com- 
munity and the state by the increased quantity and improved quality of 
the product. But this benefit has its disadvantages also, for the benefit 
is accompanied by risk. On the frontiers of civilization the individual 
must be self-supporting or die. A later development is the self-support- 
ing community. Such the New England farming community used to be. 
With the completion of the New England adage, "God made the 
country, and man made the town, and the Devil made the small coun- 
try town " came also the beginning, in this country, of those larger com- 
munities which were less and less able to support themselves as they 
grew larger, more influential and more prosperous. What sort of pros- 
perity is it, however, that can not feed itself, clothe and shelter itself, 
that has to be served with every necessity as well as every luxury? 
And what a topsy-turvy world we live in, when the acme of prosperity 
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is the maximum of dependence, and complete parasitism is the admired 
ideal of civilization! The development of civilization, with its con- 
tinued adherence to the moral ideal of self-support, has seen larger and 
larger social units excused from attaining it. Have we gone far enough, 
or for the time being at least perhaps too far, in this direction? This 
question will be answered variously according to age, occupation and 
imagination. But each can realize that his answer will be a resultant, a 
compromise, of contradictions. Individualist and socialist, competitor 
and cooperator, idealist and reactionary, are side by side within each 
one of us. Each of us adjusts his life as he may, circumstances and 
will determining what we do and are, with conscience calmed by the 
ethics of our particular occupation. 

It sometimes happens, in the life of a college officer, that he is in- 
vited to speak to another audience than the one which seeks him regularly 
for leading in the special path which is his life-interest. Sometimes he 
is talked to as an elder brother by those with whom he has become friends. 
Such opportunities are rare. They are correspondingly precious. They 
must be met by clear sight and honest thinking, to be realized at all. In 
such instances, what do we say or do? 

With an increasing population, guaranteed in times of peace a longer 
span of life through the development of medicine, surgery and preventive 
medicine, with increasing urban populations, increasing disproportion 
between parasitic and self-supporting human beings, decreasing areas 
still untilled, and decreasing production on too large a proportion of the 
cultivated areas, is it not wise to question whether the world's condition 
is altogether safe? The economist may say that the law of supply and 
demand will control. Doubtless it will and does, in the long run; 
but if the supply lag behind the demand, who will suffer ? There is no 
question of the demand for food ; but because its production is possible 
so far only in the course of a season's growth, by means of that chemical 
process which combines C0 2 and H 2 0, not by manufacture, the supply 
may lag months behind the demand. If the season be bad or the labor- 
ers, the producers, too few, the supply will lag still longer. What can 
trade, or the practise of the professions, do to supply food, actual food, 
to even the minimum ration of protein and carbohydrate required by 
every human being to sustain life? The most intelligent, if not always 
the most energetic, young people of the civilized world seek to attend the 
colleges. There they are led along the ways of parasitism and away 
from self-support, trained for trade, for the professions, and, in the case 
of young women, for attaining an ad interim livelihood by teaching the 
children of others in the elements of knowledge. 

I am not implying the desirability of converting our colleges into 
"cow-colleges," but I am advocating the serious reflection of old and 
young upon the question of continuing and increasing the world's supply 
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of food. Some of our students, perhaps most obviously in the biological 
courses, are wondering how they can put their training to best use. 
When I told a young man, some years ago, who was paying his way 
through Stanford by producing and selling milk, that he would be a more 
useful citizen if he gave up his idea of becoming a teacher and devoted 
himself to the calling for which he showed evident aptitude, I was pleased 
that he followed my suggestion and went into the dairy business. But 
he didn't fit himself for it; he developed an inflated business, and pres- 
ently went on the road to sell stoves ! The fate of his milk business you 
can guess. 

Some of my friends have sons interested in agriculture. One of them 
says he has told his son that it is not open to him, for he has no capital 
to start on. Is the practise of agriculture open only to the capitalistic 
class? Our immigrants do not think so, nor do the real-estate operators 
so assert ; and the increasing comfort year by year of the farmers of the 
country, starting on leased or on government land, working at first or 
always with their bodies as well as their brains, attest both the ability of 
the man without capital to win for himself a livelihood and the satisfac- 
tion of serving his country well. 

Because of the remarkable qualities of their sunshine, temperatures, 
and soil, California and the Pacific coast have seen the development of 
specialized farming on an unprecedented scale. The result is full of 
danger. The war has closed the European apple market, and we all 
were able to buy apples for about half the cost of last year. The citrus 
market is one peculiarly sensitive to unfavorable financial conditions. 
Fruit is abundant here, but only the fanatical would think of living 
exclusively on fruits and nuts. The price of bread has risen in many 
other places than Berlin, despite the bumper crops of California, Utah, 
and other grain-growing states. Potatoes are an uncertain commodity 
to buy. There has been no corner, no artificial rise in potato prices 
here this year; but good potatoes are not as abundant as good oranges, 
though on the whole more nourishing and more necessary. The price of 
meat is said to be no higher than a year ago, but a part at least of the 
European market has gone for the time, perhaps for a long time, because 
the money to buy meat has been spent on ammunition. 

I can not feel that scanning the market columns in the trade and 
daily papers serves any other purpose than to inform us of what is. The 
country, intelligent people, must look as far ahead as they can. What 
the world needs and will always need is food, producers of food, and 
distributors of food. The man who, though not a farmer, can help the 
farmer in any way, will always be useful. And that man, that com- 
munity, that state, which is best able to feed itself, will be the safest. 
Of the nations now at war, one is safe, Russia. Hungary is safer than 
Austria, Prance is safer by far than England, Germany's plight may be 
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made light of by its partisans to-day, but the prosperity of empires 
founded mainly on manufacture and trade is at best insecure. To my 
mind, one of the greatest lessons of the times is the wisdom of self-sup- 
port. It is more than a moral ideal : it is common sense, the expression 
of stern necessity. 

The development of manufacture is commonly desired by the com- 
munity and the state. Manufacture implies raw material. Eaw ma- 
terial comes either from the accumulation of ages in mine and forest, 
or from the yearly product of plant chemistry. In so far as manu- 
facture consists in the rapid treatment of the accumulations of ages, 
it may arouse the opposition of the conservationists, who meanwhile 
are enjoying the results. But in so far as it consists in the treat- 
ment of the year's harvest, it must be supported by more than the 
granting of mill-sites, tax exemption, and boom "literature." It too 
needs the producer, for it is not self-supporting. It is a trite saying 
that agriculture is the basis of prosperity. Without agriculture, the 
artificial stimulation of natural production, the top-heavy animal king- 
dom would be doomed. Consider what has been accomplished since the 
pilgrims first landed at Plymouth, the first settlers at Jamestown, the 
Padres in San Diego ! The established balance of nature on the con- 
tinent of North America has been completely destroyed. In place of 
the large population of forest and prairie plants, of game and other 
wild animals in large numbers, and a comparatively small number of 
human beings, there have come millions of people, the extinction of cer- 
tain animals, the destruction of forests and of the plant cover which held 
the soil and kept the streams clear. There has been great increase in 
the production of food, both plant and animal, but that the proportional 
increase in the production of food has been maintained, or is being 
maintained, is doubtful. Who is to continue production so that it 
shall be proportional to consumption? The law of supply and de- 
mand? If so, then some must be hungry before it will be so plainly 
profitable that even the dull will see that we must produce more per acre, 
more wheat, corn, alfalfa, oats, barley, rye, more meat. The securest 
livelihood may be obtained by meeting the largest and most constant 
demand. That demand is for food. The supply is for us to furnish, to 
advocate, to aid, and to consume. 

The thesis which I have thus advocated is so reasonable — and so 
obvious — that there must be weighty objections else the American would 
not have been converted from sturdy farmer into nervous business man 
in so short a space of time. A friend once defined " good times " as those 
in which "a large stream of money flows through one's pocket." Here 
is at once a difference between farm and city. The farmer is not paid 
off Saturday night. There is no stream of money flowing through his 
pocket. He may have a large sum in his pocket at one time, but he is 
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quite as likely to have as little as a professor at another. But it is not 
necessary for me to discuss the matter of payments to and by the farmer ; 
nor those matters, inside and outside the farmhouse which have occupied 
the Country Life Commission, with results which have so far escaped 
my knowledge. On the other hand, there are certain changes in the 
hazards of crop production which fall more properly within the field of 
the biologist. Farming is actually not as easy as it used to be, though 
perhaps it is less laborious. There are more enemies to the crop than 
there used to be. These enemies are of two main sorts, living and life- 
less : some are aerial, some terrestrial ; some are seasonal and temporary, 
some are constant and cumulative. Yet these enemies are conquerable. 

Complaint is made, in various parts of the country, that there is a 
decline in the fertility of the soil, that the soil is becoming " exhausted " 
by continued cropping. When the blame can be properly fixed on the 
soil itself, and not on faulty or no selection of seed, neglect in the sterili- 
zation of seed, neglect or ill-luck in the destruction of seed or seedlings 
by birds, gophers and other habitual vegetarians, it is generally found 
that neglect of some other sort explains the situation. The disc harrow 
instead of the deep plow, the filthy barn yard instead of well-manured 
fields, a change or no change of crops instead of crop rotation, and 
summer fallow instead of alternating grain and leguminous crops, these 
are some of the forms of neglect which I think I recognize. 

If we speak of soil exhaustion now-a-days, we do not mean the actual 
depletion of the potassium and other salts, the sulphates, phosphates, 
nitrates; for no soil is so impoverished or so sterile as to lack these 
constituents completely, or even in such degree that they do not exceed 
the concentrations in the nutrient solutions commonly used in the 
laboratory with entire success. Ordinarily an exhausted soil is one in 
which plant excreta, by reason of faulty cultivation, have been allowed 
to accumulate. Sunning, airing, washing are the effective ways of 
cleaning soil as well as other things ; but just as we may get the smell of 
tobacco smoke out of our clothes by walking them home, or otherwise 
using them in the open air, as well as by hanging them on the line, so 
soils can be cleansed at the same time that they are being used, if only 
the use be appropriate. This is crop rotation, an obviously more eco- 
nomical method than that of summer fallow, against which all nature 
rebels, but which is strangely popular in the west. 

Important as the soil is — for no living organism can live without a 
minimum of mineral matter — I can not help feeling that the differences 
in the productiveness of great areas may be due to some other and more 
general cause than soil or season. The experiments of Klebs, Vochting 
and others in the comparatively opaque atmosphere of Germany, the 
observations of Delpino in the clearer air of Italy, the records of John 
Muir and the impressions of all of us in California, and the work now 
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being done in the Carnegie Desert Laboratory at Tucson, Arizona, show 
that what we call fertility, attributing this to the soil, may after all be 
fecundity, a result to which light contributes at least as much as the soil. 
We may have luxuriant vegetative growth and no seed in rich but shaded 
soil; we do have scantier vegetative growth but abundant seeding in poor 
but brightly lighted spots. The development of the reproductive organs, 
the opening of the flowers, is one of the effects of light. Just as the light 
causes the orange yellow poppy blooms or the majenta corollas of Eed 
Maids to open, so it is the light which stimulates the plants to form 
the blooms at all. And as we have more light in California than in 
many other parts of the world, so also we have richer and hence more 
stimulating light. The part played by richer light in the greater pro- 
ductiveness of certain large areas as compared with others will be more 
fully recognized presently than now. We should speak of fertile light 
and fertile air, if we are to recognize its importance as truthfully as we 
do that of the soil. And in selecting places for producing food, the 
world and its citizens will do well to take light as well as soil into 
account. The further study of light in relation to reproduction, to the 
setting of seed and fruit, and to the production of crop, will enable the 
world to increase its food supply without necessarily increasing its 
acreage. 

Anything which disturbs the balance of nature releases forces, living 
and lifeless, which hitherto had been held in check. The complete change 
on the American Continent from a state of balance in the then wild 
nature to the present condition of cultivation, extending further and 
further into the wilderness, has resulted in so changing the conditions of 
existence that man and his parasites have enormously increased in num- 
bers and the plants which he cultivates have been greatly multiplied and 
extended along with their insect, fungous and bacterial enemies. To 
meet this latter condition a profession is coming into existence similar 
to that which has thriven in consequence of the former. The plant 
pathologist, however, as his name implies, claims rather to be a student 
than a healer of disease. As fruit of his labors what is called preventive 
medicine in one profession has been developed in two very remarkable 
ways. The practise of sterilizing seed before sowing it has now become 
universal among intelligent and industrious farmers. By this simple 
means, great shrinkage in crop is measurably prevented. If sterilized 
seed is used, only subsequent infection can make trouble of microbic 
origin. Without yet understanding the basis of immunity, the United 
States Department of Agriculture and the State Agricultural Experi- 
ment Stations have succeeded in developing disease-resistant varieties of 
plants some of which are remarkably successful. We have, in these 
plants, instances of actually improved races, not merely "fancy" stock; 
stock capable of resisting specific forms of disease. Here is eugenics of 
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a sort worth while, a high ideal which is attainable, and an ideal which 
has been attained in certain instances. 

By the labors, therefore, of plant pathologists, insect enemies are 
attacked and at least held in check, fungous and bacterial diseases are 
combated; indeed, to use a current expression of painful association, 
they are taxed " at the source ." and often, like others, taxed out of exist- 
ence. By these means crop production is increased and insured without 
increased acreage. 

The relations of the plant pathologist and the public should be sim- 
ilar to those of physicians and the public. The plant pathologist owes it 
to the public to secure the best possible training before beginning prac- 
tise, training which shall include a knowledge of disease of animal as 
well as vegetable origin, a knowledge of normal as well as morbid physiol- 
ogy. By combining entomology and botany the young man may assure 
himself both of more certain and better employment as plant pathologist, 
with corresponding increase in income, and also of greater usefulness, 
than if he devote himself from the beginning of his training exclu- 
sively to the study of insects or of plants. 

The attitude of the public to the plant pathologist, on the other hand, 
is curiously different from its attitude toward the physician or surgeon 
whose care is human or other animal ills. The physician of good train- 
ing and ability, with capital enough to escape starvation for a year or 
two, who settles where there are enough people may count on building 
up a private practise sufficient for comfortable support. The plant 
pathologist settling in a farming community and hanging out his shingle 
like doctor, dentist or veterinarian, would scarcely have a call. In re- 
lation to him the public is entirely socialistic. It expects him, if he is 
worth while, to be employed by the state; it is satisfied to have him so 
paid that only the missionary spirit or limited ambition and ability will 
take him into the profession ; it is content with cheap advice even where 
so important a thing as crop, income, food even, is concerned. If it were 
not for interest in science, interest in out-of-doors, and for the missionary 
spirit, the public would not have received better advice in its struggles 
with plant disease than it paid for. The only part of the public which 
pays properly in times of trouble, when a plant doctor is needed, is the 
corporations causing the trouble ! 

We see, then, that the farmer must contend with enemies of many 
sorts, that he and his are subject to certain inconveniences incidental to 
delayed returns; but we see too that his career is not only useful, with 
the satisfactions of usefulness, it is self-supporting. If we wish to con- 
tinue our parasitic existence in the present degree of comfort, we must 
encourage self support in others. 



